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Abstract Space perception was investigated in right brain
damaged patients with (N=13) and without neglect (N=5;
control group). Patients were requested to localise a target
tachistoscopically flashed at various eccentricities along
the horizontal meridian. All patients had an intact visual
field and spared ability to manually point to a target. To
segregate magno- and parvo-pathway activity, stimuli
modulated in either luminance or chromatic contrast were
used. Patients were required to verbally report the stimulus
position (verbal task) or to manually point to the stimulus
(pointing task). Neglect patients reported the stimuli in the
left visual field closer to the centre than they actually were.
In the verbal test, underestimation was about 7 deg at the
most eccentric position tested (20 deg), and decreased
linearly for smaller eccentricities. The effect was similar
but less marked in the pointing task. No difference was
found for stimuli with luminance or chromatic contrast.
Space underestimation was confined to the contralesional
space; no evidence of misperception was detected in the
ipsilesional hemifield. The present findings are consistent
with the view that contralesional space representation is
compressed in neglect patients.

Keywords Neglect . Space . Misperception . Stimulus
contrast . Magno vs. parvo systems . Perceptual vs. motor

Introduction

Early observations indicated that patients with hemine-
glect perceive objects located in the contralesional space
as smaller than the same objects located in the ipsilesional
space (Gainotti and Tiacci 1971) and shift the perceived
mid-point of a horizontal line toward the ipsilesional side
(Heilman and Valenstain 1979). These results have been
interpreted in an attentional perspective (e.g., Heilman et
al. 1985; Posner et al. 1982), although a genuine
perceptual distortion (derived from asymmetric space
exploration) has also been proposed (Gainotti and Tiacci
1971).

More recently, space misperception was tested using a
variety of tasks such as end-point setting (e.g., Bisiach et
al. 1994, 1996), line extension (e.g., Bisiach et al. 1994,
1995, 1996), and size matching (e.g., Milner and Harvey
1995; Irving-Bell et al. 1999; Kerkhoff 2000). Several
results of these studies, in particular the left overextension
of a line from the midpoint (e.g. Bisiach et al. 1994),
cannot be easily explained by an attentional deficit. As an
alternative, a left-right anisometry of space representation
was proposed (Bisiach et al. 1994; Halligan and Marshall
1991). According to this view, the defective spatial
performance is caused by subjective underestimation of
contralesional space; such a distortion is characteristic of
unilateral spatial neglect.

Conditions other than neglect have also been evaluated
in the genesis of spatial misperception. A crucial role has
been attributed to hemianopia. Misperception was found to
be more severe in “pure hemianopia” (i.e., presence of
hemianopia without neglect) than in “pure neglect” cases
(i.e., presence of neglect without hemianopia) (Ferber and
Karnath 2001). Neglect patients with intact visual fields
showed reduced (or no) contralesional overextension in
comparison to patients with neglect and hemianopia
(Doricchi and Angelelli 1999; Doricchi et al. 2002a;
Daini et al. 2002; Doricchi et al. 2003). Doricchi et al.
(2003) proposed that horizontal space misrepresentation in
neglect is due to the inability to compensate for a visual
field deficit that occurred at an early stage of processing.
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However, other authors did not find that hemianopia is a
crucial parameter for producing space misperception (e.g.,
Harvey et al. 2001).

In most of the studies cited, space distortion was
measured in conditions requiring the allocation of atten-
tion in both left and right hemispaces. The patient has to
compare stimuli simultaneously present in the two
hemispaces, adjusting the size of the stimulus located in
one hemifield according to the size of the stimulus located
in the other hemifield. However, perceptual comparison
across hemispaces requires mental imagery operations and
may promote ipsilesional attentional deviation. To mini-
mise this latter effect, paradigms that cue the contrale-
sional side and instructions that require shifting attention
toward the neglected space have been used (e.g., Bisiach
et al. 1994). Another way to minimise the ipsilesional
attentional bias is to separately test contralesional and
ipsilesional hemispaces (Halligan and Marshall 1991;
Doricchi and Angelelli 1999; Karnath and Ferber 1999;
Bartolomeo et al. 2003; Harvey et al. 2001). We adopted
this paradigm here, using a modified version requiring
minimal memory operations.

The goal of the present work was to investigate space
perception in cases of neglect without hemianopia by
measuring the patient’s ability in a localisation task
performed separately in contralesional and ipsilesional

hemispace. It is known that patients with neglect show
asymmetrical scanning of a visual display (Ishiai et al.
1987, 1992; Hornak 1992; Karnath and Fetter 1995;
Karnath et al. 1998). Some authors believe this bias affects
neglect patients’ performances (Halligan and Marshall
1989; Chokron and Imbert 1993; Adair et al. 1995), while
other authors do not (Dijkerman et al. 2003; Harvey et al.
2003). In the present study, stimuli were flashed
tachistoscopically in either the left or the right visual
field while patients focused on a central fixation point.
Thus, we eliminated the uncontrolled contribution of serial
processes typical of free vision by preventing visual
scanning and saccades to the target.

Systematic errors in localisation would support the idea
that space misperception is associated with neglect
independent of hemianopia. Moreover, if underestimation
of size and distance on the contralesional side depends on
defective neural representation, the latter should influence
stimulus processing at early levels, such as those involved
in a localisation task, requiring transformation from
retinotopic to body-centred coordinates. Alternatively, if
no underestimation is found, this should indicate that it is
detectable only when complex mental processing, such as
size comparison across left and right sides, is required.

Table 1 Demographic and clinical data for right brain damaged
patients with neglect (nos. 1–13) and controls without neglect (nos.
C1–C5). Aetiology: H haemorrhagic, I ischaemic; lesion site: P
parietal, F frontal, T temporal, O occipital, BG basal ganglia, IC

internal capsule, EC external capsule, Th thalamus, CRcoron radiata,
SO septum ovale, LN lenticular nucleus. Neglect tests: + identifies
pathological performances according to standard normative values
(Pizzamiglio et al. 1989)

Subject Sex Age Years of
schooling

Post CVA
(months)

Aetiology Motor deficit Lesion site Neuropsychological tests

Barrage Letter
Cancellation

Wundt-
Jastrow

Sentence
reading

1 M 78 5 5 I L hemiplegia IC, CR,
pons

+ + + -

2 F 77 3 20 I L hemiparesis F-T + + - +
3 F 70 5 6 I L hemiplegia IC, EC,

CR, LN
+ - + -

4 F 74 4 5 I L hemiplegia F-P - + + +
5 M 80 5 8 I L hemiparesis P + + - -
6 M 43 17 2 H L hemiplegia F-T-P, IC,

Th
+ + - -

7 F 59 10 1 H L hemiparesis P, LN + + + +
8 F 66 12 4 I L hemiparesis F, CR + + + +
9 M 72 8 8 I No T-F-P-O + + - +
10 M 66 13 2 I L hemiplegia F-T-P + + + +
11 M 85 5 7 I L hemiplegia CR, LN,

EC
+ - + -

12 M 73 8 2 I L hemiparesis BG + + - +
13 M 71 5 7 I L hemiplegia T-F, BG + + - -
C1 M 57 13 28 I No BG, SO - - - -
C2 F 49 5 2 I L hemiparesis IC, Th - - - -
C3 F 62 5 7 I L hemiparesis BG, CR,

IC
- - - -

C4 M 57 8 25 I L hemiparesis Th, IC - - - -
C5 F 74 5 60 I L hemiplegia BG - - - -
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To test localisation accuracy, in the present study, both
response modality and stimulus contrast were manipu-
lated.

According to Heilman and co-workers (1985) many
patients suffer from ‘directional hypokinesia’; they are
reluctant and slow to initiate a hand movement in the
direction contralateral to their brain lesion. This might
explain why they shift the mid-point of a horizontal line
toward the ipsilesional side (Heilman and Valenstein
1979). Several experiments have attempted to disentangle
premotor versus perceptual components of neglect, and
have reported evidence of ‘premotor’ (e.g., Bisiach et al.
1998) and ‘perceptual’ (e.g., Pritchard et al. 1997; Pitzalis
et al. 2001) cases; mixed cases were frequent (e. g.,
Harvey et al. 2002). Overall, the evidence suggests that in
a localization task the motor component may modulate
performance along the horizontal dimension. Conse-
quently, we manipulated this factor by requiring the
patients to respond with their hand (pointing task) or
verbally.

On the manipulation of stimulus contrast, neglect
phenomena may vary as a function of the different neural
circuits involved in the specific task (see, for instance,
Kerkhoff 2000). Luminance-contrast and chromatic-con-
trast stimuli allow segregation of magno- and parvo-
neuron activities. At least in part, these two neural
pathways mediate different perceptual processes, i.e.,
motion and colour perception. Visual evoked potential
studies in neglect have suggested that the magno-cellular
pathway may be more impaired than the parvo-cellular
system (Spinelli et al. 1994; Angelelli et al. 1996; Spinelli
and Di Russo 1996; Doricchi et al. 1996). Therefore, we
tested localisation accuracy with luminance-contrast and
chromatic-contrast stimuli to investigate whether space
misperception is modulated by the selective involvement
of one of the two circuits.

Materials and methods

Subjects

Two groups of patients, one with neglect (Table 1, nos. 1–
13) and one without neglect (control group, Table 1, nos.
C1–C5), were selected (for demographic and clinical
characteristics, see Table 1). The visual field of all patients
was intact based on standard kinetic Goldmann perimetry.
All patients had vascular pathology in the right hemi-
sphere. Lesions were large and heterogeneous, generally
involving many cortical and subcortical regions. A partial
occipital lesion was present at CT scan in only one case;
however, as also confirmed by the visual field assessment,
V1 was largely spared also in this case. The presence of
spatial neglect was assessed using a standard neuropsy-
chological battery that included two cancellation tasks
(Barrage and Letter Cancellation tests), the Wundt-Jastrow
area illusion test, and a Sentence Reading test. Patients
failing on at least two out of four tests were classified as
neglect patients (Pizzamiglio et al. 1989). All patients in

the control group (also called RBD N−) scored within the
normal range on all four tests of neglect. Informed consent
was obtained from all patients. The two groups did not
differ for sex (chi squared=0.68, n.s.), age (t(16)=1.94, n.
s.), or schooling (t(16)=0.232, n.s.). Informed consent was
obtained for each subject and all procedures were
approved by the local ethics committee.

General design

A Control Free-vision Pointing Task was performed to
determine whether patients had any reaching or visuomo-
tor co-ordination deficits (e.g., optic ataxia). Patients were
then submitted to two different tests: the Pointing Task and
the Verbal Task. The sequence of the two tasks was
balanced across subjects. All patients used the right hand
ipsilateral to the lesion. Data were collected in a single
session lasting about 1 h.

Apparatus and stimuli: general characteristics

A 22-inch screen was placed 40 cm away from the patient
and centred at his/her midline. Stimuli were displayed
along the horizontal meridian. A cross, subtending
1×1 deg, was displayed in the centre of the screen and
served as the fixation point. Stimuli were displayed at nine
different locations, separated by a 5 deg gap. The order of
presentation was randomised. The fixation point disap-
peared at stimulus onset. The experimenter recorded the
performance (either manual or verbal) by positioning a
mouse-controlled arrow at the location the patient pointed
to (measurement error ca. 1.5 deg i.e., the size of the index
finger) or at the verbally indicated location. Then, the
fixation point was presented again. Experiments were
conducted in a lit room.

Control free-vision pointing task

Stimuli and procedure

The stimulus was a 2×2 deg yellow square (luminance
28.6 cd/m2) on a black background. Stimulus contrast was
high (Michelson contrast: 80%) and was visible for an
unlimited amount of time. Patients were instructed to point
to the stimulus on the screen by putting their index finger
on it. They were free to move their eyes and head. Each
location was tested twice.

Pointing and verbal tasks

Stimuli and procedure

The stimulus was a vertical bar with Gaussian spatial
profile (σ=1 deg on horizontal and σ=3.5 deg on vertical)
subtending 2×7 deg (luminance 28.6 cd/m2). Stimuli were
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modulated either in luminance (a yellow target against a
black background) or in chromaticity (red target against an
equiluminant green background). To equate the actual
cone excitation in the two conditions (e.g., Morrone and
Bedarida 1994), the Michelson contrast was set at 20% for
luminance conditions and 80% for chromatic conditions.
The ratio of red to total luminance (r=Red/Red+Green)
was set to 0.48, a value close to physical isoluminance
(0.50) but slightly shifted toward green to match the
subjective isoluminant point reported in old people
(Fiorentini et al. 1996). To avoid saccades, tachistoscopic
stimulus presentation was used. Based on saccadic latency
data in patients (Girotti et al. 1983; Cochin et al. 1996;
Pitzalis and Di Russo 2001), duration of presentation was
150 ms (with gaussian rising with constant of 70 ms). The
stimulus was displayed randomly at one of the nine
locations. Each location was tested five times for each
stimulus and response condition. Patients were instructed
to maintain fixation on the central point until the target
appeared at one unpredictable location. The patient was
required to remember the location of the target. At target
offset, a 50 deg long horizontal line was displayed on the
screen. In the Verbal Task, numbers were visible on the
line and patients reported the target position by saying the
number corresponding to the remembered position. In the
Pointing Task, patients pointed to the remembered target
position. Different tasks (Pointing, Verbal) and trials with
different contrast (luminance, chromatic) were presented
in four separate blocks. In the response phase, the patients
were free to move their head and eyes. Before each trial,
eye position was monitored by a video camera to ensure
fixation on the central point at target onset. A trial was
rejected on-line when gaze shift occurred and a new trial
was given.

Data analysis

For each position, individual responses were averaged and
converted to degrees of visual angle. To compare
individual responses in the two hemifields, data were
split in half, and statistical analyses were made on the data
relating performance to eccentricity in the −20 deg to −5
deg range for the left hemifield, and in the +5 deg to
+20 deg range for the right hemifield. To better separate
performance in the two hemifields, data at zero eccen-
tricity were not considered in the analysis. Note that in the
Pointing Task errors in this position were within the
measurement error; in the Verbal Task, mean error at zero
eccentricity was less than 0.5 deg.

Slope analysis

The individual slopes (b coefficient) of the curves fitting
the points in the two spatial ranges (−20 deg to −5 deg and
+5 deg to +20 deg) were measured by linear regression.
Coefficient b was calculated by least squares fit, after
weighing each data point by its standard error. The b

coefficients were submitted to an ANOVA with Group
(neglect vs. control group) as between factor, and Task
(pointing vs. verbal), Stimulus contrast (luminance vs.
chromatic) and Hemifield (left vs. right) as repeated
factors. Considering the large difference in the time from
onset between the two groups, this variable was included
as covariate. When appropriate, post hoc Duncan tests
were performed. To test the distortion of visual space in
neglect patients, a series of one-sample t-tests (b
coefficients vs. 1 representing perfect performance) were
also carried out applying the Bonferroni adjustment for the
conditions that were statistically significant in the ANOVA
in the Pointing and Verbal Tasks. The slopes of the
functions in the Control Free-vision Pointing Task were
also examined with a Student’s t-test analysis of b
coefficients vs. 1.

Results

Group data

In this section of results, settings of perceived (subjective)
space are reported as a function of external (objective)
space. This allows the description of subject perception of
external space in terms of underestimation or over-
estimation and directly suggests a hypothesis of under-
lying neural space representation. An isomorphic relation
between subjective and objective space is represented in
the graphs by a 45 deg line, i.e., slope 1 (see the dashed
line in Fig. 1, bottom). A shift from this line toward the
abscissa indicates underestimation and space compression;
a shift in the opposite direction indicates overestimation
and space expansion.

Control free-vision pointing task

For the group of patients with neglect, the data collected in
the first task are shown at the top of Fig. 1 by filled
squares. Inspection of the filled squares (top) clearly
shows that neglect patients performed accurately on this
control task. Similar results were obtained in RBD N−

patients (see Fig. 2, top). In this condition, no significant
distortion of space was detected either in control or in
neglect patients (all ts≤1).

Pointing and verbal task

Figure 1 reports the performances of neglect patients in the
Pointing (top) and Verbal (bottom) tasks, respectively.
Results are presented separately for different contrast
stimuli. In the left hemifield, deviation from ideal
performance is evident, particularly in the Verbal Task.

Figure 2 shows the same data for the control group. In
this case, all lines have slopes close to 1, indicating
isomorphic relationships between subjective and objective
space in all conditions.
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The ANOVA on b coefficients showed that the main
effect of the group (F(1,15)=5.85; p<0.05) and hemifield
(F(1,16)=4.69; p<0.05) factors was significant. Stimulus
contrast did not exert a significant influence either as a
main factor or in interaction with other factors. The group
by hemifield by task interaction was significant
(F(1,16)=6.43; p<0.025). In the left space, the neglect
patients’ slopes were less steep than those of controls both
in Pointing (p=0.01) and in Verbal (p<0.01) conditions.
The difference between slopes for the Pointing (b=0.82)
and Verbal (b=0.64) Tasks was significant (p<0.001) in

Fig. 1 Perceived versus objective space in neglect patients. The
abscissa represents the nine locations where the stimulus was
displayed. The ordinate represents the patients’ settings. Negative
and positive values indicate eccentricities to the left and right of the
fixation point, respectively. The zero point indicates the centre of the
screen. Bars represent the standard deviation. On the top graph,
filled squares represent data collected in the preliminary free-vision
pointing task. These data were fitted by two linear fits in the left (y=
−0.1+0.99x) and in the right (y=−0.044+0.99x) hemifield, respec-
tively. Open circles and filled triangles represent data collected in
the Pointing Task with luminance and chromatic contrast,
respectively. Linear fits were as follows: left-luminance y=−1.43
+0.89x; left-chromatic y=−1.72+0.75x; right-luminance y=−0.67
+0.99x; right-chromatic y=−0.22+0.91x. The lower panel of the
picture reports data collected in the Verbal Task. Symbols are the
same as above. The linear fits were as follows: left-luminance y=
−0.42+0.68x; left-chromatic y=−0.94+0.60x; right-luminance
y=0.13+0.93x; right-chromatic y=0.23+0.90x. The 45-deg dashed
line represents the ideal performance. Coefficient of correlation was
1 or close to 1 for both pointing and verbal tasks for both hemifields

Fig. 2 Perceived versus objective space in control patients.
Symbols are the same as in Fig. 1. Preliminary Free-vision pointing:
linear fits were: y=0.23+0.99x and y=0.06+0.99x in the left and right
hemifield, respectively. Top Pointing Task: left-luminance y=−0.04
+0.98x; left-chromatic y=0.04+0.95x; right-luminance y=−0.08
+0.99x; right-chromatic y=0.28+0.98x. Bottom Verbal Task: left-
luminance y=0.56+1.03x; left-chromatic y=1.5+1.05x; right-lumi-
nance y=−0.21+0.99x; right-chromatic y=0.46+0.96x. Coefficient of
correlation of the linear fits was 1 or close to 1 in all cases
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neglect patients, but not for the control group (0.98 and
1.04 for Pointing and Verbal Tasks, respectively). In right
space, the performances of the two groups were compar-
able both in Pointing (b=0.97 and b=0.96, for neglect and
controls, respectively) and Verbal (b=0.92 and b=0.99 for
neglect and controls, respectively) tasks.

In neglect patients, the space settings deviated from the
ideal performance in the left field both in the Pointing
(t(12)=3.42, p=0.005) and in the Verbal (t(12)=5.69,
p<0.001) Task. On the contrary, deviation was not
significant in the right space in either the Pointing
(t(12)=1.01, n.s.) or the Verbal (t(12)=1.80, n.s.) task.

Figure 3 allows a direct comparison between neglect
and control patients in both verbal and pointing tasks.

Individual data

In this section of results, individual data are presented
using correlograms to show the variability among patients
in the localisation task. In Figs. 4 and 5, data from the
control group, plotted with filled points, allows an
evaluation of the range of individual variation in the task
in the absence of neglect.

The correlogram in Fig. 4 reports the individual b
coefficients measured for the left hemifield as a function of
the right-side b coefficients for both groups of patients and
for the two versions of the task (Pointing and Verbal). The
points representing the performance of the control group
cluster around 1 (b ¼ 1 in the left hemifield and b ¼ 0:98
in the right hemifield), indicating no systematic bias in the
localisation task. Data of the neglect patients are more
scattered, and the diagonal axis helps to identify patients
who made larger errors along one of the two dimensions
reported on the abscissa and the ordinate. The points of the
neglect group are asymmetrically distributed, spreading
above the diagonal. In the left hemifield, a systematic shift
toward slope values lower than 1 (mean b ¼ 0:60 ) is
present. In the right hemifield, the mean of the individual
points clusters around 1 (b ¼ 0:94 ) and shows a variation
comparable in size to that observed in the control group.

The correlogram in Fig. 5 allows a comparison of the
responses in the verbal and pointing tasks in the left
hemispace, limited to the most eccentric position tested
(−20 deg), where the effects were more pronounced.
Points located along the diagonal represent non-biased
performance on one of the two tasks. This is the case for
all patients in the control group (RBD N−), whose data
cluster around the perfect performance (−20 deg). In
contrast, most of the patients with neglect (nine) made
larger errors in the verbal than in the pointing task
(represented by points above the diagonal). Few patients
(four) made comparable localisation errors in both the
verbal and the pointing task. None of the patients made
larger errors in the Pointing task than in the verbal task.

Discussion

Neglect patients demonstrated a systematic tendency to
misperceive the position of objects located in the left
contralateral space. They judged visual stimuli briefly
displayed in the left periphery as closer to the centre than
they actually were. For example, the patients judged a
stimulus at 20 deg to the left of the fixation point (the
extreme position tested) as located 13 deg to the left. The
subjective shift toward the centre was directly proportional
to eccentricity. No evidence of misperception was found
on the right side. These results are consistent with the view

Fig. 3 Comparison between patients with neglect (filled circle) and
controls (open triangle). Since no significant effect of stimulus
contrast was found in previous analyses, data collected with
luminance and chromatic contrast were averaged. The linear fits
were as follows: Top Pointing Task: left hemifield: neglect patients
y=−1.86+0.78x; control patients y=0.07+0.988x. Right hemifield:
neglect patients y=−0.45+0.95x; control patients y=−0.07+0.97x.
Bottom Verbal Task: left hemifield: neglect patients y=−0.63+0.64x;
control patients y=0.41+1.01x. Right hemifield: neglect patients
y=0.19+0.90x; control patients y=−0.085+1.004x
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that subjective hemispace contralateral to the lesion
(neglected space) is compressed according to an approxi-
mately linear model of space compression (Halligan and

Marshall 1991) and, more generally, to the idea of spatial
compression in neglect (Halligan and Marshall 1991;
Bisiach et al. 1994; Milner and Harvey 1995; Irving-Bell
et al. 1999; Kerkhoff 2000; Harvey et al. 2001). In contrast
to Halligan and Marshall’s model, space distortion was
limited to the contralesional field. This latter result
militates against a trivial interpretation of present results
in terms of attentional deviation toward the ipsilesional
side: attentional bias should produce some degree of space
distortion also in the right hemifield (see, for instance,
Bartolomeo et al. 2003).

To evaluate the level of processing responsible for
errors, it might be useful to compare the present results
with previous ones, based on paradigms similar in at least
one respect (i.e., not requiring matching stimuli located in
the two opposite sides) to that used here. In Halligan and
Marshall’s (1991) and Bartolomeo et al.’s (2003) experi-
ments, patients had to imagine a line connecting an arrow
in the lower space with lines or numbers in the upper
space. The task was heavily prone to attentional deviation,
which entirely accounted for the observed deficit (Barto-
lomeo et al. 2003), an interpretation that does not fit the
present results.

Space distortion was measured also in a task of
remembered distance reproduction (Doricchi and Angelelli
1999; Karnath and Ferber 1999) and length judgment
(Harvey et al. 2001). In these studies (as well as in the
above-cited studies) patients could freely inspect the
stimulus and were not constrained to focus on the fixation
point throughout the experiment. In these conditions,
patients showed equally good performances in left and
right space (Doricchi and Angelelli 1999; Karnath and
Ferber 1999) or non-systematic and small size under-
estimation of leftward objects (Harvey et al. 2001).
However, as Milner and Harvey (1995) pointed out, this
paradigm can be generally criticised. The misperception
present while the patient inspected the stimulus was also
present in the response phase; thus, the absence of effect is
not surprising. In contrast, in the present study free
scanning was not allowed and the target was flashed at a
definite retinotopic localisation. The patients could move
their eyes and head only in the response phase, thus
changing spatial coordinates from retinotopic/egocentric to
body-centred metrics. We propose that the systematic
errors found in the present study are due to a defect which
arises either (a) at the level of retinotopic/egocentric
representation of the left hemifield, or (b) in the processing
from retinotopic to body-centred coordinates, or from a
combination of both (a and b). The task involved memory;
however, a selective deficit for spatial memory is unlikely
considering the intact performance reported by other
authors in tasks tapping this ability (Doricchi and
Angelelli 1999; Karnath and Ferber 1999).

The large distortion on the horizontal meridian observed
in the present study was associated with neglect without
hemianopia. Therefore, misrepresentation in neglect
cannot be attributed only to the inability to compensate
for a visual field deficit occurring at an early stage, such as
in cases of patients with neglect and hemianopia (e.g.,

Fig. 4 The correlogram shows the individual b coefficient obtained
in the right visual field as a function of the left visual field in the 13
neglect patients (open symbols) and in the 5 RBD N− patients (filled
symbols). In this picture, data collected with luminance and
chromatic contrast stimuli are not distinguished but coded with a
common symbol (circles for the Pointing Task and triangles for the
Verbal Task). Further details are provided in the text

Fig. 5 The correlogram compares the performances in the Pointing
and Verbal Tasks for the most leftward position tested (−20 deg).
Performance of each patient is represented by one value, obtained by
averaging performance recorded for luminance and chromatic
contrast stimuli. Individual data are reported for control patients
(black symbols) and for neglect patients (open symbols). Further
details are provided in the text
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Doricchi et al. 2003). Damage at cortical levels higher than
V1 might be associated with a change in the metrics of the
external retinotopically defined space (see also Doricchi et
al. 2002a) or in the processing from retinotopic to body
centred co-ordinates (as suggested above). Indeed, retino-
topic representation of space is not a property limited to
striate and extrastriate visual areas but is present also at
higher levels (Sereno et al. 1995, 2001). Sereno and co-
workers (2001) showed a new area in human parietal
cortex that encodes remembered locations according to a
retinotopic map. Thus, in principle, even a lesion at a level
well beyond the conventionally defined “visual” cortex
might lead to a deficit in the retinotopic coding of external
space. Further research on neglect patients with more
localised lesions is needed to evaluate the neural level
responsible for the observed contralesional underestima-
tion.

Contralesional underestimation was on average more
pronounced in the verbal than the pointing task. A study of
individual performances indicated that errors were con-
sistently larger in the verbal condition in 9 patients out of
13. Interestingly, none of them showed the opposite
performance.1 The perfect performance in the control free-
vision pointing task and the less impaired performance in
the pointing with respect to the verbal modality allow the
exclusion of limb directional hypokinesia playing a critical
role in the genesis of errors.

More speculatively, the results can be interpreted in two
ways. On one hand, they support the idea of a partial
dissociation between the space representations for action
and perception (e.g. Jeannerod 1994; Goodale and Milner
1992; Aglioti et al. 1995; Bridgeman et al. 1997).
According to this view, these findings add to sparse
observations supporting the idea that representation for
action might be more preserved in neglect (Pritchard et al.
1997; Pitzalis et al. 2001). Alternatively, given that in the
response phase the pointing task was visually cued and the
verbal task involved eye gaze, one may speculate that both
verbal and pointing tasks reflect the activity of sensori-
motor systems. In the pointing task, a visual-limb system
was involved to reach the target (although not exclusively:
the subjects also moved their eyes). In the verbal task, a
visual-gaze system operated (plus an additional motor
component for verbal output). This view would be
consistent with evidence that different cortical areas in
the posterior parietal cortex of the macaque monkey code
the intention to reach with the eyes or with the arm
(Snyder et al. 1997). The two sensorimotor systems would
be differentially affected in the group of patients with
neglect; the visual-gaze system being more deeply

impaired, in line with the view that spatial attention and
saccade programming share the same neural substrates
(Sheliga et al. 1995a, 1995b, 1997). Any interpretation
should be taken as speculative, since the paradigm used
does not allow one of the two alternatives to be favoured.

Left space distortion was independent from stimulus
contrast at any eccentricity. Both target lighter than the
background (modulated in luminance) and red stimuli on a
green equiluminant background (modulated in colour)
were reported closer to the centre than they actually were.
Likewise, stimulus contrast did not modulate verbal or
pointing tasks. This result indicates that contralesional
underestimation of space is not linked to a magnocellular
deficit.

It is known that the magnocellular stream is highly
represented in the dorsal pathway responsible for local-
isation of objects in space and discrimination of motion
perception (for a review, see Merigan and Maunsell 1993).
Electrophysiological studies, showing that the latency of
the visual potentials evoked by a luminance-contrast
grating located in the neglected hemifield was changed
from normal, suggested a deficit of magnocellular activity
(Spinelli et al. 1994; Angelelli et al. 1996; Spinelli and Di
Russo 1996). In contrast, visual potentials evoked by
chromatic-contrast stimuli were normal in the same
patients (Spinelli et al. 1996). In a single case study, the
ability to process stimuli on the contralesional side was
modulated by stimulus contrast; it was poor with low-
luminance contrast stimuli and good with high-chromatic-
contrast stimuli (Doricchi et al. 1996). Thus, we predicted
that stimuli enhancing magnosystem activity might
modulate the localisation effect studied here. Contrary to
the hypothesis, the error setting was not influenced by
stimulus contrast. The failure to find a differential
influence of the two neural circuits can be interpreted in
various ways. It is unlikely that it is due to bias in the
experimental conditions. The stimuli did not have sharp
edges in space and time that might evoke magno-cells
activity also in the chromatic condition. Small individual
variations of the isoluminant point might be responsible
for a reduction of the effect, but it is difficult to explain
with this factor the absolute lack of modulation of the
effect using isoluminant stimuli. A more likely interpre-
tation is in terms of floor effect. The visual system
responsible for the “where” task might be so extensively
damaged or so vulnerable in the patients that performances
are poor in any case, independent of the specific circuits
selected. Alternatively, a localising task for a stationary
object might not reflect subtle changes in magnocellular
activity; other tasks, involving dynamic changes of
position in space (motion), might be more sensitive. In
the same vein, tasks more suitable for segregating parvo-
cellular activity, such as discrimination rather than local-
isation, might enhance the differential effects of the two
circuits.

In any case, damage to the visual system responsible for
localisation along the horizontal meridian appears to be a
pervasive trait of unilateral spatial neglect. Other forms of
space distortion (both shrinking and enlarging) have been

1We cannot exclude that some of the difference between
performances on the two tasks depends on the modulating influence
of attention. According to Bartolomeo et al. (2003), the latter is
modulated by differences in the visual display, and is stronger when
numbers are presented (such as in the verbal task) rather than lines
(such as in the pointing task). However, it seems that when this
aspect is present it can account for a small portion of the error found
in the present study. In patients with neglect and no hemianopia, the
largest error measured by Bartolomeo et al. (2003) was two-to-five
times smaller than that measured here.
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described in the literature as arising from different
aetiologies such as migraines, infections, drug use,
epileptic seizures, retinal oedema, brain lesions (see
Frassinetti et al. 1999) or hemianopsia (Ferber and
Karnath 2001; Doricchi et al. 2002b). These data from
the literature and the present findings suggest that the
space metric is a delicate mechanism that may be greatly
impaired due to a variety of factors, including neglect
without hemianopia.
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